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10. Hydrologic/Water Quality (GLEAMS) Modeling of Illinois River Watershed

Introduction

The NPS P loads, including the defendants” NPS P loads, in the IRW strcams and rivers and to
Lake Tenkiller were modeled as described in Appendix D, A model (GLEAMS) was usced to
represent the details of hydrology, crosion processes and nutrient movement basced on clevation,
soil, rainfall, and land management data including poultry waste application to the IRW
landscapc. WWTP P loads were added to the NPS P loads reaching the IRW streams and rivers.
P loads to streams and rivers were routed to Lake Tenkiller using a model based on stream/river
flow and accumulated P in streams and rivers. The P loads to Lake Tenkiller are presented for:
reeent conditions (1997-2006), continuation of poultry waste land application in the IRW at
current levels, cessation of poultry waste land application in the IRW, an increase in poultry
wastc land application based on continued growth in the poultry industry within the IRW, buffers
along strcams with cessation of poultry waste application in the IRW, and historical P loading
(1950 to 1999) conditions  Also, an allocation among current principal sources of P loading to
the surface waters of the IRW was performed.

10.1 Modeled P for 1997 to 2006 (Actual Conditions)
The hydrologic/water quality model was able to accurately model the P loads to IRW rivers
and streamns and Lake Tenkiller.

The P loads to the three gauging stations were modcled for 1997 through 2006 (Appendix D).
This period was sclected duc to the increased sampling of P concentrations for runoff cvents that
morc accurately reflected P loads within the IRW, The modcled P loads (including both NPS
and WWTP P) arc shown in Tablc 10.1. Obscrved P loads for this peried arc also shown in
Tablc 10.1  As both the modcled and obscrved P loads show, the loads vary greatly from year to
year, This is duc to the variation in weather and flows within the IRW. The flow and rainfall
data for the IRW for this period and from 1950 through 2007 arc shown in Figure 5.1 and Tablcs
53 and 54.

Table 10.1 Modcled P Load at Gauging Stations in Illincis River Watershed
Modeled P Load (1b)

Observed
Baron Caney Total P

Year Tahlequah Fork Creek Total Load (Ib)
1997 278,955 61,794 21,874 362,623 241,107
1998 406,417 88,054 15,161 509,632 471,817
1999 430,596 53,139 7,815 491,550 450,440
2000 639,263 260,929 41,977 942,169 1,125,548
2001 386,787 73,015 26,355 486,157 592,494
2002 254,119 50,242 10,611 314,972 370,714
2003 120,477 6,381 2,993 129,851 108,276
2004 672,344 271,720 58,806 1,002,870 1,147,938
2005 333,198 58,829 12,742 404,769 340,664
2006 155,264 47,808 11,031 214,103 197,289
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The point source P loads were greatly reduced beginning in 2003 duc to changes in WWTP
technology. However, the largest P load to Lake Tenkiller in the 1997 to 2006 period occurred
in 2004, This was duc to the weather and corresponding flows in that year that resulted in more
NPS P load rcaching Tenkiller.

The corrclation between obscrved and modceled P loads is shown in Figure 10.1  The modcled
and obscrved P loads cxhibit a very strong correlation.
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Figurc 10.1. Relationship between Observed P Load and Predicted P Load to Lake Tenkiller for
1997-2006

10.2 Modeled P jfor Next 100 Years with (1) Continued Poultry Waste Application and (2)
Pouliry Wasie Cessation in the IRW

For continued poultry waste application in the IRW, modeled P loads to Lake Tenkiller would
increase during the first 30 years. For the next 70 years, P loads to Lake Tenkiller would
decline slightly and stabilize at levels above current Lake Tenkiller P loads due to P saturation
of soils, Cessation of poultry waste application in the IRW would decrease P loads to Lake
Tenkiller. The reductions in P loads to Lake Tenkiller due to poultry waste land application
cessation are limited to 16% during the first 10 years following cessation due to continued P
load contributions from historical poultry waste application in the IRW that have elevated soil
P. Following poultry waste land application cessation in the IRW, reductions in P loads to
Lake Tenkiller would reach 50% by years 51-60.

The P loads at the three USGS gauging stations closcst to Lake Tenkiller (Tahlequah, Baron
Fork ncar Eldon, and Cancy Creck) were modceled for (1) continuced poultry waste application in
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the IRW and (2) cessation of poultry waste application in the IRW. The weather from 1997 to

2006 was repeated for 100 years. The modeled P loads and trend lines are shown in Figures
10.2-10 7 and in Tablcs 10.2-10.6.
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Figurc 10.2. Modcled P Load at Tahlequah for Continuing Poultry Waste Application and for

Cessation of Poultry Waste Application in the IRW
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Figurc 10.3 Trend Lines for Modcled P Load at Tahlequah for Continuing Poultry Waste
Application and for Cessation of Poultry Wastc Application in the IRW
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Figurc 10.4. Modceled P Load at Baron Fork Gauging Station ncar Eldon for Continuing Poultry
Wastc Application and for Cessation of Poultry Waste Application in thc IRW
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Figurc 10.5 Trend Lines for Modcled P Load at Baron Fork Gauging Station Near Eldon for
Continuing Poultry Wastc Application and for Cessation of Poultry Waste Application in the
IRW

Engel 52



Case 4:05-cv-00329-GKF-PJC

Document 2157-5 Filed in USDC ND/OK on 06/05/2009

P Load (Ib)

70,000
60,000
50,000
40,000
30,000
20,000

10,000

Caney Creek

IR

|

|
\
T\ VLA )

\
\
T\'ﬂ,

!\’II\ R ERREA LR

—— Continued Waste Application
— Waste Application Cessation

Linear ﬁContlnued Waste A pllcatlon}
— Linear {Waste Application Cessation

Figurc 10.6 Modcled P Load at Cancy Creck Gauging Station Near Eldon for Continuing
Poultry Wastc Application and for Cessation of Poultry Wastc Application in the IRW
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Figurc 10.7 Trend Lines for Modcled P Load at Cancy Creck Gauging Station ncar Eldon for
Continuing Poultry Wastc Application and for Cessation of Poultry Waste Application in the
IRW

Table 10.2. Modcled P Loads at Illinois River Gauging Locations for Continucd Poultry Waste
Application and for Cessation of Waste Application in the IRW, Weather Repeats Every 10
Yecars So Results Arc Summarized in 10 Ycar Periods.

Illinois River at Tahlequah Baron Fork Caney Creek
P- Continued P —Cessation P- Continued P —Cessation P- Continued P —Cessation
Waste of Waste Waste of Waste Waste of Waste
Application Application Application Application  Application  Application
Years (Ib) {Ib) {Ib) (Ib) {Ib) {Ib)

1-10 3,927,423 3,216,011 1,012,460 896,907 234,612 230,567
11-20 4,408,574 2,787,287 1,240,857 987,724 258,152 244,926
21-30 4,548,255 2,509,046 1,251,316 919,733 245572 229,875
31-40 4,479,081 2,264,368 1,175,349 837,203 230,505 214,008
41-50 4,489,549 2,094,246 1,183,206 799,781 217,512 199,793
51-60 4,418,033 1,948,115 1,135,476 761,917 203,549 185,336
61-70 4,401,297 1,831,139 1,136,226 739,856 185,929 166,473
71-80 4,359,942 1,740,937 1,108,147 703,919 163,384 143,812
81-90 4,365,054 1,693,602 1,083,262 675,952 149,368 120,298

91-100 4,384,281 1,657,713 1,078,687 661,290 139,019 118,251
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Table 10.3 Change in P Loads to Lake Tenkiller for 10 Ycar Periods into the Future for
Continucd Poultry Waste Application and Cessation of Waste Application in the IRW. Weather
Repeats Every 10 Years So Results Arc Summarized in 10 Ycar Periods.

Change Change
from Total P from
Total P Previous Waste Previous
Continued | 10 Years | Cessation | 10 Years
Year ‘Waste (1b) (%) (Ih) (%)
1-10 5,174,495 4,343,485
11-20 5,907,583 142 | 4,019,937 -7.4
21-30 6,045,143 23| 3,658,654 9.0
31-40 5,884,935 -2.7 | 3,315,579 9.4
41-50 5,890,267 0.1 | 3,093,820 -6.7
51-60 5,757,058 -23 | 2,895,368 6.4
61-70 5,723,452 -06 | 2,737,468 -5.5
71-80 5,631,473 -1.6 | 2,588,668 -54
81-90 5,597,684 -0.6 | 2,498,852 -3.5
91-100 | 5,601,987 01| 2,437,254 -2.5

Table 10.4. Diffcrence in P Loads to Tenkiller for Continued Poultry Waste Application
Compared to Poultry Waste Application Cessation, Weather Repeats Every 10 Years So Results

Arc Summarized in 10 Ycar Periods.

Total P

Total P ‘Waste
Continued | Cessation | Difference

Year ‘Waste (Ib) (Ib) (%)
1-10 5,174,495 | 4,343,485 16.1
11-20 5,907,583 | 4,019,937 320
21-30 6,045,143 | 3,658,654 39.5
31-40 5,884,935 | 3,315,579 43.7
41-50 5,890,267 | 3,093,820 47.5
51-60 5,757,058 | 2,895,368 497
61-70 5,723,452 | 2,737,468 52.2
71-80 5,631,473 | 2,588,668 54.0
81-90 5,597,684 | 2,498,852 554
91-100 | 5,601,987 | 2,437,254 56.5
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Table 10.5 Pcreentage Change in Modcled P Loads Relative to Modceled P Between 1997-2006
at Illinois River Gauging Locations for Continucd Waste Application and Moratorium on Wastce

Application. Weather Repeats Every 10 Years So Results Are Summarized in 10 Year Periods.

Illinois River at

Tahlequah Baron Fork Caney Creek
P Continuc P Stop P Continuc P Stop P Continuc P Stop
Year Wastc (%) Wastc (%)  Wastc (%)  Waste (%) Waste (%) Waste (%)
1-10 6.8 -12.5 42 -7.7 12.1 10.1
11-20 19.9 -242 277 1.6 233 17.0
21-30 237 -31.8 287 -54 17.3 9.8
31-40 21.8 -384 209 -13.9 10.1 22
41-50 221 -43.1 217 -17.7 39 -4.6
51-60 20.1 -47.0 16.8 -21.6 -2.8 -11.5
61-70 19.7 -50.2 169 -239 -11.2 -20.5
71-80 18.6 -52.7 14.0 -27.6 -22.0 -313
81-90 18.7 -539 11.5 -30.5 -28.7 -38.2
91-100 19.2 -549 11.0 -320 -336 -43.5

Table 10.6. Percentage Change in Modeled P Loads Relative to Obscrved P Between 1997-2006

at Illinois River Gauging Locations for Continucd Waste Application and Cessation of Wastc
Application. Weather Repeats Every 10 Years So Results Are Summarized in 10 Ycear Periods.

Ilinois River at

Tahlequah Baron Fork Caney Creek
P- P- P-
P- Wastc P- Wastc P- Wastc

Contimied  Cessation  Continued  Cessation Continued  Cessation

Ycar  Waste (%) (%) Wastce (%) (%) Wastc (%) (%)
1-10 7.0 -12.4 -128 -228 8.8 69
11-20 20.1 -24.0 69 -149 19.7 13.6
21-30 239 -316 7.8 -20.8 139 6.6
31-40 221 -38.3 1.2 -279 69 -0.8
41-50 223 -429 19 -311 0.9 -7.3
51-60 20.4 -46 9 -22 -34 4 -5.6 -14.1
61-70 199 -50.1 -2.1 -36.3 -13.8 -22.8
71-80 18.8 -5326 -4.6 -394 -242 -333
81-90 19.0 -538 -6.7 -41.8 -30.7 -40.0
91-100 19.5 -54 8 -7.1 -43.0 -355 -452
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For continued poultry waste application, the P loads at Tahlequah increase slightly for the first
30 years before stabilizing and declining slightly in subscquent years, Thus, the trend line for P
loads at Tahlcquah is flat. The P load results for continucd poultry waste application for the
Baron Fork location arc similar to thosc at Tahlequah. The Baron Fork and Tahlcquah results
indicatc the IRW soils in these watcersheds have reached their capacity to retain additional P and
thus cxpected P losses inereasce slightly over time before stabilizing and decreasing slightly, The
P loads from these watcersheds has reached steady state for current poultry waste land
application. Note howcver, that tremendous variability in P loads from year to year exists duc to
variability in rainfall and flows in IRW strcams and rivers,

The P loads for Cancy Creck for continucd poultry waste application decline due to the small
amount of poultry waste applicd in this watershed and the low STP values for soils in this
watcrshed. More P is removed from this watershed than is applicd with the poultry waste,

The P loads at Tahlequah and Baron Fork near Eldon would likely be greater than modeled loads
under the continucd poultry waste application scenario. The historical flows from 1950 through
2007 in the IRW were greater than flows for 1997 to 2006 (the period used for modeling the
futurc). P loads to Tenkiller arce strongly correlated with flow (Vicux and Moreda, 2003). Thus,
if the weather for 1950 through 2007 repeats in the future, the P loads into Lake Tenkiller would
be greater than modcled loads using 1997 through 2006 weather and flow data.

The P loads and trends for cessation of poultry waste application arc shown in Figures 10.2-10.7
and Tables 10.2-10.6.

The P loads decreasce by more than 16% in the first 10 years for IRW poultry waste application
cessation compared to continucd poultry waste application (Table 10.4 and Figurc 10.8). The
results indicate that poultry waste land application cessation within the IRW would provide some
benefit (16% reduction in P loads to Lake Tenkiller). However, more than 70 years would be
requited for the P loads to be reduced to 50% of their current levels. This is due to the
significant amount of P stored in the soils within the IRW as indicated by STP levels and the
IRW P mass balance described in Appendix B. The large amount of P from land application of
poultry waste continues to contribute to P loads reaching Tenkiller at substantial levels into the
futurc. Even at 100 years, the accumulated P from poultry waste application continucs to
significantly contributc to P loads.

Engel 57



Case 4:05-cv-00329-GKF-PJC  Document 2157-5 Filed in USDC ND/OK on 06/05/2009 Page 12 of 54

P Loads to Tenkiller 0 Continued Waste
Application
7,000,000 m Waste Application
Cessation
6,000,000 _| — _| _ e
5,000,000 -} [
4,000,000
3,000,000 H .
2,000,000
1,000,000 H
0 L
N ST S S I RN ST ST SR

N ,\'\' q;\ '5\ b:\, 93\ (-o\' /\'\ %'\' N

Figurc 10.8. P Loads to Lake Tenkiller for Continued Waste Application in the IRW  Weather
Repeats Every 10 Years So Results Are Summarized in 10 Year Periods.

10.3 P Loads for Increased Pouliry Waste Application

For continued growth in the IRW poultry industry at a rate the samne as that between 1982 and
2002, P loads to Lake Tenkiller would increase substantially. Within 40-50 years, P loads to
Lake Tenkiller would nearly double (increase of 92%).

Figurcs 10.9-10.14 show P loads at cach of the three gauging stations (Tahlequah, Baron Fork at
Eldon and Cancy Creck) for continucd growth in IRW poultry based on the same rate of growth
between 1982 and 2002 based on the USDA Agricultural Census poultry data, Figurces 10.15
and 10.16 show P loads to Lake Tenkiller for this same situation. Bascd on this rate of growth
assumption, P loads to Lake Tenkiller through the Tahlequah location would increase
substantially (doublc in 40-50 years) as a result of increasced poultry waste application in this
watctshed. P load changes at the Baron Fork location would increasc a smaller amount (60% in
40-50 ycars ) duc to less poultry waste being applicd in this watershed. P loads at the Cancy
Creek location would decreasce slightly over time (50 years) in this scenario (but less than no
changes in poultry production) duc to the small amount of poultry waste applicd in this
watcrshed and the Jow STP levels.
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Figurc 10.9 P Loading and Trend Lines at Tahlequah for Continued Waste Application, Waste
Application Cessation, and Growth in Wastc Application Modcled after Poultry Growth in IRW
between 1982 and 2002 Based on Ag Census Data
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Figurc 10.10 P Loading Trend Lines at Tahlequah for Continued Waste Application, Waste
Application Cessation, and Growth in Waste Application Modcled after Poultry Growth in IRW
between 1982 and 2002 Basced on Ag Census Data
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Figurc 10.11 P Load and Trend Lincs at Baron Fork near Eldon for Continucd Waste
Application, Wastc Application Cessation, and Growth in Wastc Application Modcled after
Poultry Growth in IRW between 1982 and 2002 Based on Ag Census Data
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Figurc 10.12. P Load Trend Lines at Baron Fork near Eldon for Continucd Waste Application,
Wastc Application Cessation, and Growth in Waste Application Modcled after Poultry Growth
in IRW between 1982 and 2002 Bascd on Ag Census Data
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Figurc 10.13 P Load and Trend Lincs at Cancy Creck for Continued Waste Application, Waste
Application Cessation and Growth in Waste Application Modcled after Poultry Growth in IRW

between 1982 and 2002 Based on Ag Census Data
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Figurc 10.14. P Load Trend Lines at Cancy Creck for Continued Waste Application, Wastce
Application Cessation and Growth in Waste Application Modcled after Poultry Growth in IRW
between 1982 and 2002 Based on Ag Census Data

Engel 64



Case 4:05-cv-00329-GKF-PJC  Document 2157-5 Filed in USDC ND/OK on 06/05/2009 Page 19 of 54

Total P Load tc Tenkiller

2,500,000
2,000,000 —
2 1,500,000 - A
o
N
o
— 1,000,000 /\ /\ h A h /\/\ /\
; A
A I Fhl's]i {/A\I;f ll'}\ !h\\l ' B
500,000 A= H-FAR L ;/\ N \‘\ I \/ AN J/\\
NV Y VY Y NAY
0 T T
g 10 20 30 40 50
Year
— Continued Waste Application —— Waste Application Cessation
Waste for Growth —— Linear {Continued Waste Application
Linear {Waste Application Cessation) Linear {(Waste for Growth)

Figurc 10.15. P Load and Trend Linces to Lake Tenkiller for Continued Waste Application,
Wastc Application Cessation and Growth in Waste Application Modcled after Poultry Growth in
IRW between 1982 and 2002 Bascd on Ag Census Data
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Figurc 10.16 P Load Trend Lines to Lake Tenkiller for Continued Waste Application, Waste
Application Cessation and Growth in Waste Application Modcled after Poultry Growth in IRW
between 1982 and 2002 Based on Ag Census Data

Table 10.7 shows individual main strcam and total P loads to Lake Tenkiller for the poultry
growth scenario comparcd to current poultry production and waste application P loads. Growth
in the poultry industry in the IRW and the associated land application of this wastc in the IRW
would result in greatly increascd P loads to Lake Tenkiller that nearly double in the 40-50 year
time frame,
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Tablc 10.7 P Loads for Growth in IRW Poultry Comparcd to P Load for Poultry Wastc Applicd
to IRW at Current Rates. Weather Repeats Every 10 Years So Results Are Summarized in 10

Ycar Periods,
P Load (1b) for Growth in Poultry in IRW P Loead (Ib)
Total
Baron Continucd  Increasc
Ycars  Tahlcquah Fork Cancy  Total Wastc (%)
1-10 4,523,331 1,010,394 235,614 5,769,339 5,174,495 11.5
11-20 6,066,771 1,364,064 252099 7,682,934 5,907,583 30.1
21-30 7,112,706 1,439,913 243,753 8,796,372 6,045,143 45.5
31-40 8,144,070 1,512,312 235,329 9,891,711 5,884,935 68.1
41-50 9,464,415 1,635,132 228,607 11,328,153 5,890,267 923

10.4 P Loads for Buffers and Poultry Waste Land Application Cessation

The addition of vegetated 100 foot buffers along all 3" order and larger IRW streams
combined with poultry waste application cessation in the IRW would provide further
reductions of P loads of between 3 and 5% compared to poultry waste application cessation
alone. The addition of vegetated 100 foot buffers along all IRW streams combined with
poultry waste application cessation in the IRW would provide further reductions of P loads of
between 10 and 13% compared fo poultry waste application cessation alone.

P loads were calculated for three locations entering Lake Tenkiller (Tahlequah, Baron Fork at
Eldon, and Cancy Creck) for combined poultry waste land application cessation and 100 foot
buffers placed along 3™ order and larger streams and rivers with adjacent pasture. The P loads
for cach of these locations arc shown in Figures 10.17-10.22. The buffers would provide a
modcst 4-5% additional reduction (sce Table 10.8 and Figurc 10.23) in P loads to Lake Tenkiller
rclative to land application of poultry waste cessation alone as depicted in Figures 10.17-10.23.

Engel 67



Case 4:05-cv-00329-GKF-PJC  Document 2157-5 Filed in USDC ND/OK on 06/05/2009 Page 22 of 54
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Figurc 10.17 P Loads at Tahlequah for the Combination of Buffers Along Third Order and
Larger Strcams and Rivers and Poultry Waste Land Application Cessation in the IRW.
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Figurc 10.18 P Load Trend Lines at Tahlequah for the Combination of Buffers Along Third
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Order and Larger Strcams and Rivers and Poultry Waste Land Application Cessation in the IRW.,
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Figurc 10.19 P Loads at Baron Fork Near Eldon for the Combination of Buffers Along Third
Order and Larger Strcams and Rivers and Poultry Waste Land Application Cessation in the IRW.,
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Figurc 10.20 P Load Trend Lines at Baron Fork Near Eldon for the Combination of Buffers

Along Third Order and Larger Strcams and Rivers and Poultry Waste Land Application

Cessation in the IRW,
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Figurc 10.21 P Loads at Cancy Creek for the Combination of Buffers Along Third Order and

Larger Strcams and Rivers and Poultry Waste Land Application Cessation in the IRW.
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Figurc 10.22. P Load Trends at Cancy Creck for the Combination of Buffers Along Third Order
and Larger Streams and Rivers and Poultry Waste Land Application Cessation in the IRW.

Table 10.8. P Loads for Poultry Wastc Cessation and Poultry Waste Cessation Combined with

Buffcrs Along Third Order and Larger Strcams in the IRW., Weather Repeats Every 10 Years So
Results Arc Summarized in 10 Ycear Periods.

P Loads (Ibs)
Total Buffer
(Cessation  Reduction
Ycars Tahlcquah  Baron Cancy Total Only) (%)
1-10 3133605 757,634 218,815 4,110,054 4,343,485 54
11-20 2,689,217 933,909 231,133 3,854,259 4,019,937 4.1
21-30 2423927 873672 216971 3,514,570 3,658,654 39
31-40 2191,768 795,600 202,047 3,189,414 3,315,579 38
41-50  2.030,388 760,109 188,671 2,979,167 3,093,820 37
51-60 1891768 724,197 175071 2,791,037 2,895,368 36
61-70 1,780,790 703,274 157,327 2,641,391 2,737,468 35
71-80 1,695,237 669,183 136,005 2,500,425 2,588,668 34
81-90 1,650,338 642,659 122,352 2415349 2,498,852 33
91-100 1,616,287 628,752 111,958 2,356,997 2,437,254 33
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Figurc 10.23, P Loads to Lake Tenkiller for Poultry Waste Application Cessation and Cessation

Combined with Buffers Along Third Order Streams with Pasturcs. Weather Repeats Every 10
Ycars So Results Are Summarized in 10 Year Periods.

P loads were computed at three locations entering Lake Tenkiller (Tahlequah, Baron Fork at
Eldon, and Cancy Creck) for combined poultry waste land application cessation and 100 foot

buffers placed along all streams and rivers with adjacent pasture (Figure 10.24 and Table 10.9).

The buffers would provide approximately 10-13% additional reduction in P loads beyond

cessation of poultry waste application in the IRW (Table 10.9).
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Table 10.9. P Loads for Poultry Waste Cessation and Poultry Waste Cessation Combined with
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Buffers Along Al Streams with Pasturce in the IRW Weather Repeats Every 10 Years So Results
Arc Summarized in 10 Ycar Periods.

P Load (Ibs)

Total Buffer
(Cessation  Reduction
Years  Tahlcquah Baron  Cancy  Total Only) (%)
1-10 2,950,892 681,686 192,838 3,825,416 4,343,485 11.9
11-20 2472310 826,213 200,674 3,499,198 4,019,937 13
21-30 2,235,679 772,673 188473 3,196,825 3,658,654 12.6
3140 2,031,210 703927 175,631 2,910,769 3,315,579 12.2
41-50 1,889,161 672674 164,107 2,725943 3,093,820 11.9
51-80 1,767,155 641,064 152402 2,560,620 2,895,368 11.8
61-70 1,669,441 622649 137,128 2429217 2,737,468 11.3
71-80 1,594,166 592,629 118,763 2,305,558 2,588,668 10.9
81-90 1,554,654 569,287 107,015 2,230,956 2,498 852 10.7
91-100 1,524,670 557,038 98060 2,179,768 2,437,254 10.6
P Loads to Tenkiller for Waste
Application Cessation and Cessation
Combined with Buffers
5,000,000 B Waste Cessation
4,000,000 - B Waste Cessation + [—
=y Buffars
“.; 3,000,000
3
-1 2,000,000 -
o
1,000,000
o il
O Q QWD Q D Q N %) )
N s | AN S AN
L% ,\'\ q”\ ,b’\ b:\ (o’\ (b’\ ,.\’\ ‘b\ Q;\,
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Figurc 10.24. P Loads to Lake Tenkiller for Poultry Waste Application Cessation and Cessation

Combincd with Buffcrs Along 4!l Streams with Pasturcs. Weather Repeats Every 10 Ycears So

Results Arc Summarized in 10 Year Periods.
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10.5 P Loads in lllinois River Watershed Streams and Rivers Assuming No Historic or Current
Poultry Operations of the Defendants

P loads to Lake Tenkiller would be more than 275,000 1bs less than current levels (less than 12
of current levels) if poultry waste had never been disposed of in the IRW. It would take
approximately 100 years of cessation of poultry waste application to return P loads in the IRW
to what they would have been if no poultry waste land application had occurred.

Figurcs 10.25-10.30 show the P loads at the three gauging stations (Tahlequah, Baron Fork at
Eldon and Cancy Creck) assuming no historic or current poultry operations in the IRW. This
assumes no poultry industry and therefore no poultry waste application in the IRW {c.g., no
poultry waste application cver). It also assumes present (2003 and later) WWTP P loads
continuing into the future  This will show the present and future state of P loads in the IRW
surface watcrs assuming the defendants poultry operations never existed.
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Figurc 10.25. P Loads at Tahlequah for Background Soil P Levels with No Poultry Waste
Application in the IRW.
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Figurc 10.26 P Load Trend at Tahlequah for Background Soil P Levels with No Poultry Waste
Application in thc IRW.
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Figurc 10.27 P Loads at Baron Fork ncar Eldon for Background Scil P Levels with No Poultry
Wastc Application in the IRW.

Engel 78



Case 4:05-cv-00329-GKF-PJC

Document 2157-5 Filed in USDC ND/OK on 06/05/2009

P (Ib)

400,000
350,000
300,000
250,000
200,000
150,000
100,000
50,000
0

Baron Fork

20 40 60 80 100

Year

Linear (Continued Waste Application)

Linear (Waste Application Cessation)

Linear (No Waste + Background Sail P)

Figurc 10.28 P Load Trend at Baron Fork ncar Eldon for Background Seil P Levels with No

Poultry Wastc Application in thc IRW,
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Figurc 10.29 P Loads at Cancy Creck for Background Soil P Levels with No Poultry Waste
Application in the IRW,
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Figurc 10.30 P Load Trend at Cancy Creck for Background Soil P Levels with No Poultry
Wastc Application in the IRW.

The P loads for this scenario at Tahlequah indicate P loads would be substantially less (more
than 275,000 Ibs annually}) than thosc for continued poultry waste application. The P loads for
the background scenarioc would also remain approximately 150,000 lbs annually greater than
poultry waste spreading cessation, narrowing to about 50,000 Ibs annually after 100 years. This
is duc to the vast amount of P that has accumulated in IRW soils duc to excessive poultry waste
application (scc Scction 7. Phosphorus Mass Balance and scc Johnson, 2008),

Diffcrences between background P loads at Baron Fork near Eldon and continued poultry wastc
application would be approximately 75,000 Ibs annually. The difference between background P
loads and thosc with poultry waste application cessation would be approximately 50,000 Ibs
annually.

Differences in background P loads for the Cancy Creck gauging location and continucd poultry
wastc application would be small due to the limited poultry waste application in this watershed.

Tablc 10.10 summarizes the results for no historic or current poultry opcerations in the IRW and
for poultry waste application ccessation in the IRW, The P loads for no historic or current poultry
operations in the IRW would decline over time duc to P removal from the system (P loads to
Lake Tenkiller and cattle). Even after 100 years, the waste cessation scenario indicates cxpected
P loads to Lake Tenkiller would be greater than the P load for no historic or current poultry
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operations in the IRW (ycars 1-10). Thus, cven after 100 years of poultry waste application
cessation in the IRW, the clevated soil P levels duc to historic poultry waste application would
continue to contribute to P loads to IRW waters.

Table 10.10. P Loads to IRW Waters with No Poultry Wastc Application and Total P Load to
Lake Tenkiller for Poultry Waste Application Cessation. Weather Repeats Every 10 Ycears So
Results Are Summarized in 10 Year Periods.

P Load (Ibs)

No
Application Total
Ycars  Tahlcquah Baron  Cancy  Total (Cessation)

1-10 1,593,185 517,044 183,305 2,293,534 4,343 485
11-20 1,577,197 418,569 191,028 2,186,795 4,019,937
21-30 1,416,532 360,511 177,237 1,954,279 3,658,654
31-40 1,316,867 305908 162427 1,785,203 3,315,579
41-50 1,232,647 268,748 149,734 1,651,129 3,093,820
51-60 1,155,226 245,471 136,380 1,537,077 2,895,368
61-70 1,112,297 238307 132,631 1,483,235 2,737,468
71-80 1,077,848 225,995 130,736 1,434,579 2,588,668
81-90 1,057,895 208819 128,060 1,394,774 2,498,852
91-100 1,044,273 192,647 127,000 1,363,920 2,437,254

10.6 Historical P Loads in Illinois River Waiershed Streams and Rivers

P loads to Lake Tenkiller since 1954 have increased at approximately 10,000 Ibs per year.
Poultry waste application in the IRW is responsible for approximately 6,600 lbs of this
increase each year.

P loads to the 3 gauging stations (Tahlequah, Baron Fork, and Cancy Creck) were modeled using
the same approach that has been used for modeling of results presented in prior seetions. Soil P
levels were assumed to be cquivalent to current levels in Scquoyah County which would be
considered cquivalent to soil P levels for the entire watershed in 1950, WWTP P discharges
were included as described in the WWTP section for 1950 through 1999 (Table 6.3). Poultry P
applications to pasturcs in the IRW were based on historical poultry production in the watershed
(Scction 7).

Figurcs 10.31-10.33 show the modeled P loads from the IRW from 1950-1999. The trend line at
the Tahlequah indicates P loads increasc approximately 9,200 Ibs/ycar and at Baron Fork by
approximatcly 770 Ibs/ycar. The Cancy Creck watershed showed little change in P loads over
this 50 year period, since its pastures received little poultry waste over this period.

Stow ctal. (2001) computed historical nutrient loads in a watershed using a similar approach.

Nutricnt inputs to the watershed were computed for a more than 100 year period. WWTP
nutricnt inputs were computed using a similar approach as uscd within this report. Using the
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nutricnt inputs and historical nutricnt trends in observed river water, nutricnt concentrations were

computed.
Tahlequah
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Figurc 10.31, Modcled P Load and P Load Trend Line to Tahlequah from 1950 to 1999 Using

Obscrved WWTP P Discharges and IRW Pouliry Production
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Figurc 10.32. Modcled P Load and P Load Trend Line to Baron Fork near Eldon from 1950 to
1999 Using Obscrved WWTP P Discharges and IRW Poultry Production
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Figurc 10.33. Modcled P Load and P Load Trend Line to Cancy Creck from 1950 to 1999 Using
Obscrved WWTP P Discharges and IRW Pouliry Production

The NPS P loads from 1950 through 1999 arc shown in Figurcs 10.34-10.36 for Tahlcquah,

Baron Fork at Eldon and Cancy Creck. The WWTP P loads were not included in the results

shown in Figurcs 10.34-10.36. The trend lines indicate P loads increasc 6,700 Ibs annually duc
to NPS sources  Nearly all of the increased P load is attributable to poultry waste application in

the IRW (sce P inputs into the IRW as documented in the Mass Balance Analysis in Appendix

B).
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Figurc 10.34. Modcled NPS P Load and NPS P Load Trend Line at Tahlequah from 1950 to
1999 Using IRW Poultry Production Data
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Figurc 10.35 Modcled NPS P Load and NPS P Load Trend Line to Baron Fork Near Eldon from
1950 to 1999 Using IRW Poultry Production Data
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Figurc 10.36. Modcled NPS P Load and NPS P Load Trend Line to Caney Creck from 1950 to
1999 Using IRW Poultry Production Data

Avcrage annual historical P concentrations for March-Junc and July-September were computed
for the Tahlequah and Baron Fork locations in support of Dr. Jan Stevens” analysis. Average
concentrations were computed basced on daily concentrations for cach of the analyses periods
Figurcs 1037 and 10.38 show P concentrations at Tahlequah for March-Junc and July-
Scptember, respectively. Average concentrations were computed based on daily concentrations
for cach of the analyscs periods. Figures 10.39 and 10.40 show P concentrations at Baron Fork
for March-Junc and July-Scptember, respectively. The P concentration trends for these periods
arc similar to annual P load trends.
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Figurc 10.37. Avcerage P Concentrations for March-June Annually at Tahlequah from 1950
Through 1999 Using IRW Poultry Production Data

Average P Concentrations July-Sept at Tahlequah
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Figurc 10.38. Avcrage P Concentrations for July-Scptember Annually at Tahlequah from 1950
Through 1999 Using IRW Poultry Production Data
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Figurc 10.39. Avcrage P Concentrations for March-Junc Annually at Baron Fork from 1950
Through 1999 Using IRW Poultry Production Data
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Figurc 10.40. Avcrage P Concentrations for July-Scptember Annually at Baron Fork from 1950
Through 1999 Using IRW Poultry Production Data

10.7 Statistical Analysis of P Loads

A statistical analysis of the modcled P loads was conducted to determine if the P loads for the
scenarios were statistically different. Both parametric (ANOVA) and nonparamctric (Kruskal-
Wallis Test) analyses were completed for cach of the scenarios at cach of the sites (Tahlequah,
Baron Fork, and Cancy).
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For cach location, boxplot cxploratory data analysis (EDA) was uscd to gain insight of the
distribution of the daily P losscs. This was done to cnsurc that assumptions and constraints of
Gaussian statistical procedures were not violated. For cxample, the validity of paramctric tests
such as Analysis of Variancc (ANOVA) requires that the data follow a Gaussian distribution
with constant variance (Montgomery, 2004). If the modcl assumptions of normality and constant
variance arc violated, then nonparamcetric testing procedures are usually more robust. However,
in practice, an alternative approach to nonparamctric tests involves the application of logarithmic
transformation to the data; thereby, facilitating the use of paramctric test for further analysis,
This procedure stabilizes the variance while creating a distribution closer to normality, It is
usctul cspecially in cascs where the data sct have large or very small values  The data were log
transformed for usc with the paramctric tests.

The ANOVA analyscs and multiple comparison tests were generated using SAS/STAT®
software, version 9.1.3 (SAS, 2004). The test statistics was based on the following hypothesis:
Ho: 1= 2= 13 = 14= 15=16= 0 versus H; - at lcast one treatment is not cqual

where,

Hy = null hypothesis

H, = altcmative hypothesis

;= cffects of continue waste application

1= cffects of waste application cessation

3= cffeets of growth

4= cffcets of no wastc cver

5= cffcets of waste cessation and buffer along third order and above streams
1= cffcets of waste cessation and buffers along all streams

Tukey multiple comparison indicates that P loads for cach of the six scenarios for Tahlequah and
Baron Fork were statistically different (Tables 10.11 and 10.12). For Cancy Creck scenarios, the
P loads for ‘Waste Cessation + Buffer All” (waste application cessation and buffers along all
streams and rivers) and “No Waste Background P7 (no poultry waste application cver in the
watcrshed) were not significantly (a < 0.05) diffcrent; however, all other P loads for Cancy
Creck scenarios were significantly different from cach other (Table 10.13),

The statistical analyscs indicate the continucd growth in the poultry industry within the IRW and
land application of poultry wastc would provide the largest P loads, continued poultry waste
application would provide the next largest P loads, and cessation of land application would
provide the next largest loads. Cessation of waste application with buffers along third order
strcams would provide the next largest loads and waste application cessation with buffers along
all strcams would provide the next largest P loads. The lowest P loads oceur for the casc in
which no poultry wastc application was cver applicd within the IRW.
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Table 10.11 Statistical summary of phosphotus scenarios bascd on daily P output for
Ilincis River at Tahlequah

Mean Daily P
Treatment N Load (Ib)
Continuc Wastc Application 36525 543.69*
Wastc Coessation 36525 270.00°
50 Ycar Growth 18300 876.26°
No Waste Background P 36525 156.44°
Waste Cessation + Buffer 36525 262.07°
Wastc Cessation + Buffer All 36525 24451

Note: Mcans with the same letter are not significantly diffcrent at the 5% level.
N is number of obscrvations (daily P loads)

Table 10,12, Statistical summary of phosphotus scenarios basced on daily P output for Baron
Fork ncar Eldon

Mean Daily P

Treatment N Load (Ib)
Continuc Wastc Application 36525 141 64"
Waste Cossation 36525 99 16"

50 Ycar Growth 18300 172.58°

No Wastc Background P 36525 37.04°

Wastc Cessation + Buffer 36525 93.00°

Wastc Cessation + Buffer All 36525 82.46"

Note: Mcans with the same letter are not significantly diffcrent at the 5% level.
N is number of obscrvations (daily P loads)

Table 10.13 Statistical summary of phosphotus scenarios bascd on daily P output for Cancy
Creek

Mean Daily P
Treatment N Lead (1b)
Continuc Waste Application 36525 2518"
Wastc Coessation 36525 23 13°
50 Ycar Growth 18300 29 .63°
No Wastc Background P 36525 18.89°
Waste Cessation + Buffer 36525 21.86°
Waste Cossation + Buffer All 36525 19 06

Note: Mcans with the same letter are not significantly diffcrent at the 5% level.
N is number of obscrvations (daily P loads)

10.8 Allocation of P to Sources

Poultry waste land application in the IRW is a substantial contributor (45% between 1998 and
2006 and 59% between 2003 and 2006) to P loads to Lake Tenkiller, representing the largest P
source. WWITP P loads are the second largest contributor to P loads to Lake Tenkiller.
Poultry plant discharges to WWITP represent a significant portion of WWTP P loads.
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The P contribution of cach significant source was determined using the IRW modcling
(Appendix D). The P allocation to cach source is shown in Tables 10.14 and 10.15. P loads
from poultry waste application within the IRW represents 45% of P loads to Lake Tenkiller
between 1998 and 2006 Following a change in WWTP technology that reduced WWTP P
discharges, poultry waste application in the IRW was responsible for 59% of P loads to Lake
Tenkiller for years 2003-2006.

Tablc 10.14. IRW P Load Allocation to Sources
WWTP Forest Crop Urban Pasture
1998-2006 30 1 <1 7 62
2003-2006 15 1 <1 7 76

Tablc 10.15. IRW P Load Allocation to Sources

WWTP Pasturc
Cattle
Ncear Swinc,
Streams Poultry Dairy,
Poultiry Nompoultry | Forest Crop Urban Only Only Background

19938-2006 10 20 1 <1 7 6 45 11
2003-2006 3 12 1 <] 7 6 59 11
WWTP discharges arc the sccond largest contributor of P loads representing 30% of P loads

between 1998 and 2006 (Table 10.14). A portion of the WWTP P load is attributable to poultry
processing discharge to the Springdalc WWTP as described in Scetion 6. Poultry processing
discharges relcasced by the Springdale WWTP represent 10% of total P loads to Lake Tenkiller
between 1998 and 2006 and 3% of P loads between 2003-2006 (Table 10.15).

Pasturc with swinc and dairy wastc application and background P from pasturcs is the third
largest P load to Lake Tenkiller (Tables 10.14 and 10.15). Runoff from urban arcas is the fourth
largest contributor at 7% of P loads (Tables 10.14 and 10.15). Cattle in and ncar strcams
contribute 6% of P Howcver, this is almost all poultry P because cattle only facilitate the
transport of P (discussion of cattle contributions follows in the next scction). Other sources of P
loads arc responsible for 1% or less of P loads to Lake Tenkiller.

These results are consistent with other reports for the IRW (Scction 2 of this report) and with
studics for similar watcrsheds, The Draft TMDL for the IRW and Lake Tenkiller (USEPA
Region 6 and Department of Environmental Quality State of Oklahoma, 2001) identificd
pasturcs on which poultry wastce is applicd as being responsible for 56% of P to Lake Tenkiller.
Smith ct al. (1997) indicated more than 78% of P loads in the IRW were attributable to livestock
wastc, Storm and White (2003) cstimated that poultry waste was responsible for more than 49%
of P loads in the Eucha Spavinaw Watershed that has similar conditions to the IRW,
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10.8.1 Contribution of Cattle in and Near Streams

Cattle in the IRW recycle P brought into the IRW to feed poultry that is excreted by poultry
and land applied to pastures within the IRW. Although the P contribution of cattle is from
poultry waste, cattle accelerate the movement of P into IRW streams and rivers when they
excrete waste in and near IRW streams. Six percent of P loads to Lake Tenkiller result from
cattle in and near IRW streams.

Cattlc within the Illinois River Watershed are recyeling poultry waste P that has been applied to
pasturcs. For example, nutricnts contained in beef cattle manure were ignored by Slaton ct al.
(2004) as they indicate “a large proportion of these nutrients are obtained from forage and
deposited direetly (1.c., reeyceled) to pastures during grazing rather than collected in lagoons or
stockpiled from confined animal production facilitics.” Cattle largely consume grass from
pasturcs and hay produced in the watershed, and thus P is not imported into the watershed in the
form of cattle feed with the exeeption of a small amount of supplemental feed (Scetion 7 and
Appendix B).

The amount of cattle wastc and P in that wastc were computed as described in Appendix E.
Cattle in the IRW producc approximatcly 319,000 tons of waste annually (dry weight basis).
This wastc contains approximatcly 7.8 million Ibs of P of which ncarly all is recycled P from
poultry waste, with the cxception of 210,000 Ibs of this P that is imported in cattle supplement
(Scction 7).

Cattlc can accclerate the loading of P to surface water when they excrete waste in or near
strcams The amount of P deposited by cattle in or near strecams was calculated bascd on the
length of strcams, pasture near streams, average pasture sizes, cattle in the watershed, and
cxcretion data for cattle in and ncar strcams. Calculated P deposited by cattle in or near (within
10 meters) streams is up to 35,594 Ibs/yr (6% of P loads to Tenkiller). Details of the calculations
arc provided in Appendix F,

10.8.2 Contribution of Septic Sysiems

The contributions of septic systems to P loads in the IRW are negligible bascd on thc IRW
Mass Balance analysis (Scction 7 and Appendix B), analysis of P loads from sub-basins within
the IRW for 2005 and 2006 (Olscn, 2008 and Appendix G), and analyscs of IRW scptic systems
(c.g., Oklahoma Department of Environmental Quality (1997); Estimated Maximum
Contribution of Phosphorus from Septic Systems, Illinois Basin, 1997).
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